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188a Monday, March 7, 2011amino acids of RyR1 are predicted to fold into a second b-trefoil and an alpha
helical domain. In this report, the relative orientation of these three domains
(termed here as b1, b2 and a1) within the full-length RyR1 protein has been
investigated using a novel FRET-based technique. This method monitors the
relative proximity of a GFP fluorescent donor fused into RyR1 and a fluores-
cent acceptor, Cy3NTA, targeted to poly-histidine (His) tags inserted into the
primary sequence of RyR1. In this study, GFP was fused to single positions
within b1, b2 and a1 and FRET was then measured to Cy3NTA targeted to
6 His tags singly introduced into these three domains. The results of these mea-
surements provide a detailed picture of the relative orientation of these three
sub-domains within full-length RyR1 expressed in a cellular context. Further
structural studies using this technique can now be undertaken to determine
how these domains move during channel gating. (Supported by NIH grant
R21ARO56406).
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3D Mapping of the SPRY2 Domain of RyR1 by Antibody Labeling and
Single-Particle cryo-EM
Alex Peralvarez-Marin1, HanShen Tae2, Philip G. Board2,
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The ryanodine receptor (RyR1) and the dihydropyridine receptor (DHPR) in-
teract functionally at the T tubule/sarcoplasmic reticulum interface of skeletal
muscle and are main participants of the excitation-contraction coupling pro-
cess. The SPRY2 domain of RyR1 has been shown to be relevant for the
RyR1/ DHPR interaction. Here, using a combination of immunolabeling and
single-particle cryo-EM we have mapped SPRY2 in the 3D structure of
RyR1. RyR1 was incubated with three different antibodies against the
SPRY2 domain and vitrified for cryo-EM imaging. The two main obstacles
for the image processing procedure; limited amount of data and signal dilution
introduced by the several possible binding locations of the antibody to the tet-
rameric RyR1, were overcome by modification of the 3D reconstruction
scheme. This enabled us to obtain a 3D reconstruction of RyR1 with the anti-
body bound, which in turn has allowed us to map the SPRY2 domain in
a T-tubule facing domain of RyR1.
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Mutations in ryanodine receptors (RyRs) cause calcium channel dysfunction in
two skeletal muscle diseases, malignant hyperthermia (MH) and central core
disease, and in polymorphic ventricular tachycardia in cardiac muscle. MH is
an inherited condition that causes muscle rigidity and uncontrollable fever in
reaction to administration of certain anesthetics. Dantrolene is a clinical drug
that suppresses spontaneous Ca2þ release and is used as a therapeutic agent
for individuals susceptible to MH. Recently, dantrolene has been shown to im-
prove cardiomyocyte function in failing hearts. Biochemical studies suggest
that the N-terminal region of RyR (amino acids 590-609 in RyR1
and 601-620 in RyR2) is the molecular target for dantrolene. We have
attempted to localize the dantrolene target sequence by 3D cryo-electron mi-
croscopy. However, inserting a GFP after Arg-626 in RyR2 abolished the
receptors’ binding to the GST-FKBP12.6 affinity column and prevented the
purification of RyR2R626-GFP for structural studies. As an alternative approach,
we designed several fluorescence resonance energy transfer (FRET) pairs based
on our previous cryo-EM structures to map the location of Arg-626. We
generated four pairs of dual insertions in RyR2 (RyR2S437-YFP/R626-CFP,
RyR2R626-CFP/Y846-YFP, RyR2S437-YFP/Y846-CFP, and RyR2R626-YFP/S2367-CFP);
three pairs between AF555-FKBP12.6 and RyR2-GFP (RyR2S437-GFP,
RyR2R626-GFP, and RyR2Y846-GFP); and three pairs between CFP-FKBP12.6
and RyR2-YFP (RyR2S437-YFP, RyR2R626-YFP, and RyR2Y846-YFP). We esti-
mated the 3D location of dantrolene binding sequence by measuring the
FRET efficiencies in each of these pairs, and by correlating FRET efficiencies
to the distance between donor and acceptor with known locations. Our results
reveal the dantrolene target sequence is likely to be located in the clamp region
close to the FKBP12.6 binding site.1032-Plat
Studies in the Binding of Calmodulin to Skeletal and Cardiac Ryanodine
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Kelvin Lau, Mandy M.Y. Chan, Filip Van Petegem.
UBC, Vancouver, BC, Canada.
Ryanodine receptors (RyR) are calcium release channels that are modulated by
cytosolic Ca2þ. They are a critical part in the process that leads to the contrac-
tion of skeletal and cardiac muscle. Calmodulin (CaM) is a ubiquitous calcium
sensor that can fine-tune the Ca2þ sensitivity of RyR by binding to regions ex-
posed to the cytoplasm. This modulation is isoform specific, depending on the
amount of free cytosolic Ca2þ. Here we used isothermal titation calorimetry to
determine the thermodynamic parameters of CaM binding to three distinct re-
gions in cardiac (RyR2) and skeletal muscle (RyR1) channels. Coupled with
alanine scanning, we have identified the critical anchor points in both regions
which mediate CaM binding to RyR. We show that CaM binding to RyR is iso-
form- and lobe- specific at high Ca2þ concentrations. At low Ca2þ concentra-
tions however, both isoforms behave similarily. The differences may underlie
the different functional effects of CaM on RyR1 and RyR2.
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The N-Terminal Disease Hot Spot of Ryanodine Receptors Forms a
Cytoplasmic Vestibule
Filip Van Petegem, Ching-Chieh Tung, Paolo A. Lobo, Lynn Kimlicka.
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Ryanodine receptors (RyR) are ion channels that govern the release of Ca2þ
from the endoplasmic reticulum. They thus regulate the contraction of skeletal
and cardiac muscle. Mutations in RyR can lead to severe genetic conditions,
including (but not limited to) malignant hyperthermia (MH) and catecholamin-
ergic polymorphic ventricular tachycardia (CPVT). Despite the detailed inves-
tigation of the functional effects of the mutations, locating their position in the
full-length channel structure has traditionally proven to be difficult. Here we
present the 2.5 A˚ngstro¨m resolution crystal structure of a region spanning
most of the N-terminal disease hot spot (residues 1-559), containing over 50
disease mutations in RyR1 and RyR2. The hot spot consists of three domains
that interact through a predominantly hydrophilic interface. We have been
able to dock the position of this hot spot into various RyR1 cryo electron mi-
croscopy maps, allowing its unambiguous positioning in the cytoplasmic por-
tion of the channel, forming a 240-kDa ring around the fourfold symmetry
axis. The disease mutations can be grouped into three different categories, ei-
ther destabilizing the interfaces between the three N-terminal domains, affect-
ing the folding of individual domains, or affecting one of six interfaces with
other RyR parts. We propose a model whereby the opening of RyR coincides
with allosterically coupled motions within the N-terminal domains. This can
be affected by mutations that target various interfaces within and across sub-
units. We also propose a mechanism whereby RyRs are activated by redox
modification through the destabilization of observed domain-domain inter-
faces. The structure provides a framework to understand the many disease mu-
tations that have been studied using functional methods.
SYMPOSIUM 11: Interfaces Between Cells and
the Outside World: Bioengineering Meets
Biophysics
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Vertical Nanopillars For Highly-Localized Fluorescence Imaging in Live
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Bianxiao Cui, Chong Xie, Lindsey Hanson, Carter Ziliang.
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The rapidly evolving field of nanotechnology creates new frontiers for biolog-
ical sciences such as quantum dots for fluorescence imaging and nanotransistor-
based biosensors. Recently, vertical nanopillars protruding from a flat surface
has been shown to support cell survival and deliver large molecules into the at-
tached cells. Here we demonstrate (1) the use of vertically aligned SiO2 nano-
pillars to achieve below-the-diffraction limit observation volume in vitro and
inside live cells and (2) the use of vertical Pt nanopillars to enhance electrical
coupling between neuron cells and the recording electrodes. Transparent SiO2
nanopillars embedded in a nontransparent substrate restricts the propagation of
light and affords evanescence wave excitation along its vertical surface. This
effect creates high-localized illumination that can be used for single molecule
detection with high fluorescence background. We also fabricate vertically
aligned Pt nanopillars to enhance the electrical coupling between cultured
Monday, March 7, 2011 189aneurons and the measuring microelectrode arrays. Pt nanopillars were found to
serve as geometrically better focal adhesion points for cell attachment and thus
enable high-quality signal recording. Therefore, vertical nanopillars can serve
as a versatile platform to optically, electrically and chemically probe biological




Harvard University, Cambridge, MA, USA.
Nanoscale materials enable unique opportunities at the interface between the
physical and life sciences, and the interface between nanoelectronic devices
and biological systems makes possible communication between these two
diverse systems at the length scale relevant to biological function. In this
presentation, the development of nanowire nanoelectronic devices and their ap-
plication as powerful tools for the life sciences will be discussed. First, a brief
introduction to nanowire nanoelectronic devices as well as comparisons to other
electrophysiological tools will be presented to illuminate the unique strengths
and opportunities enabled at the nanoscale. Second, illustration of detection ca-
pabilities including signal-to-noise and applications for real-time label-free de-
tection of biochemical markers down to the level of single molecules will be
described. Third, the use of nanowire nanoelectronics for building interfaces
to cells and tissues will be reviewed. Multiplexed measurements made from
nanowire devices fabricated on flexible and transparent substrates recording
signal propagation across cultured cells, acute tissue slices and intact organs
will be illustrated, including quantitative analysis of the high simultaneous
spatial and temporal resolution achievedwith these nanodevices. Specific exam-
ples of subcellular and near point detection of extracellular potential will be used
to illustrate the unique capabilities, such as recording localized potential changes
due to neuronal activities simultaneously across many length scales, which
provide key information for functional neural circuit studies. Last, emerging
opportunities for the creation of powerful new probes based on controlled syn-
thesis and/or bottom-up assembly of nanomaterials will be described with an
emphasis on the creation of kinked nanowire probes capable of first intracellular
transistor recordings. The prospects for blurring the distinction between nanoe-
lectronic and living systems in the future will be highlighted.
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Exploring and Engineering the Cell-Surface Interface
Molly M. Stevens.
Imperial College London, London, United Kingdom.
This talk will provide an overview of our recent developments in bio-inspired
nanomaterials for cell response and tissue regeneration (1,2). The highly interdis-
ciplinary field of Tissue Engineering can greatly benefit from advances in the
design of bio-responsive nanomaterials. TE involves the development of artificial
scaffold structures onwhich new cells are encouraged to grow. The ability to con-
trol topography and chemistry at the nanoscale offers exciting possibilities for
stimulating growth of new tissue through the development of novel nanostruc-
tured scaffolds that mimic the nanostructure of the tissues in the body. Recent
developments in this contextwill bediscussed aswell as novel approaches tomon-
itor cell and tissue development using live cell Raman microspectroscopy (3).
References
1. M. M. Stevens, J. George. Science. 310, 1135 - 1138. (2005).
4. E. Place, N. D. Evans, M. M. Stevens, Nature Materials, 8(6):457-470
(2009).
3. E. Gentleman et al, Nature Materials, 8,9;763-770.(2009).
m.stevens@imperial.ac.uk
1037-Symp
Separating the One From the Many-Microfabricated Arrays for Cell
Separations
Nancy Allbritton.
University of North Carolina, Chapel Hill, NC, USA.
The separation of single or small groups of cells from within a heterogeneous
population is a fundamental need in almost all areas of biomedical research.
This effort is required in order to obtain unique cells possessing a desired char-
acteristic for genetic studies, cloning, or other applications. Despite recent tech-
nological advances, selection and isolation of individual or small groups of live
cells from a population remains a signicant challenge. Most live-cell separation
methods require that cells be dispersed into a single-cell suspension, but re-
moval of adherent cells from their growth surface may at times be undesirable.
A microfabricated cell array platform composed of releasable elements in com-
bination with either a pulsed laser or needle-based punch system has been
developed for analyzing, sorting and collecting viable cells from a mixed pop-
ulation while the cells remain adherent to their growth surface. Both noadherent
and adherent cells cultured on the array can be analyzed and selected usingstandard imaging methods. Target cells can then be collected with high
viability and efficiently cloned by releasing the polymeric base or cup in which
the cell resides. Benefits of this new approach include high cell viability, small
sample size requirements, and broad cell selection criteria. Separation proper-
ties include fluorescence signals, morphology, and uniquely, time-dependent
variables such as the transmission of properties to daughter cells, growth rate
or signaling behavior. Mating the microarrays with image cytometry provides
a high-throughput tool for selection and isolation of cells for biomedical and
pharmaceutical applications.
SYMPOSIUM 12: What Drives Nucleic Acid
Condensation?
1038-Symp
Statistical Mechanics of the Condensation of Linear GenomeMolecules by
Viral Capsid Proteins
Robijn F. Bruinsma.
University of California, Los Angeles, Los Angeles, CA, USA.
We present simple equilibrium and non-equilibrium statistical-mechanical
models for the encapsidation of linear genome molecules by capsid proteins.
During the first stage, the non-specific association of the genome molecule
with capsid proteins is described by the theory of ‘‘living polymers’’, followed
by a second stage of capsid nucleation and growth, for which we use the
‘‘antenna’’ theory of Grosberg and Shklovskii.
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Invited Speaker RNA and DNA, In and Out of Viral Capsids
William M. Gelbart.
Univ of California, Los Angeles, Los Angeles, CA, USA.
The genomes of the large majority of viruses are either single-stranded (ss)
RNA or double-stranded (ds) DNA. This talk discusses the qualitatively differ-
ent physical properties of these two molecules, and how they account for the
qualitatively different genome packaging and delivery mechanisms of ssRNA
and dsDNA viruses. The molecular sizes and shapes depend strongly on the de-
gree and nature of secondary and tertiary structure, which are investigated by
analytical and computational theory and by several experimental techniques in-
cluding small-angle X-ray scattering, fluorescence correlation spectroscopy,
and cryo-electron microscopy. Effects of di- and poly- valent cations, and of
nucleotide sequence, are explicitly considered.
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How Entropic Forces can Drive Chromosome Organization
Bela Mulder.
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We argue that above an appropriate length scale all chromosomeswill behave as
flexible polymers. This implies that many large scale features of chromosomal
organisation, be it in pro- or eukaryots, can be understood on the basis of the
physics of polymers. The dominant organisational principle involved is entropy,
the universal, and non-specific, tendency of systems with many degrees of free-
dom to optimally ‘‘fill’’ their available phase space. Using computer simulations
of effective representations of chromosomeswe can probe this behaviour and its
consequences. We will discuss the examples of chromosome segregation in
E. coli, the nuclear organisation of themodel plant systemA. thaliana, and spatial
distribution of eu- and heterochromatin in the human nucleus.
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Condensing Chromosomes to Effect Chromosome-Wide Regulation of
Gene Expression and Meiotic Crossovers
Barbara Meyer.
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Chromosomes must be properly expressed and segregated for genome stability.
Proper condensation of chromosomes is pivotal for the successful execution of
both processes, which are controlled in the small roundwormC. elegans through
paralogous protein complexes.One complex, the condensin complex, is essential
for chromosome compaction and resolution duringmitosis andmeiosis. A highly
related complex is critical for the process of X-chromosome dosage compensa-
tion, an essential, chromosome-wide regulatory mechanism that balances gene
expression between sexes (e.g. XX female, XY or XO male) that differ in their
number of sex chromosomes. The C. elegans dosage compensation complex
(DCC) is targeted to bothXchromosomesof hermaphrodites to repress transcrip-
tion by half. Not only does the DCC resemble condensin, it shares components
with condensin, and DCC components also participate in chromosome segrega-
tion and the regulation of crossovers during meiosis. The talk will focus on the
changes in chromosome structure effected by paralogous condensin complexes
to achieve proper gene expression and chromosome segregation.
